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Single beam tune footprint: RunII lattice (980 GeV)

Chromaticity = (5,5)

Anti-proton helix 
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Single beam tune footprint: BTeV lattice (980 GeV)

Chromaticity = (5,5)

Anti-proton helix

C0 errors, seed 1
Without C0 errors
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Analytical footprint from C0 Octupole errors
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Single beam tune footprint: BTeV lattice (980 GeV)

All errors at C0
Octupole errors at C0
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Averaged over 5 seeds

No beam-beam effects

Average DA = (24.3 +/- 2.2) σ
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Radial Separations at 980 GeV - Run II lattice
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BTeV Lattice: 980 GeV, C0 at low-beta
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Anti-proton Tune footprints: BTeV Lattice, 980 GeV
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BTeV Lattice: 980 GeV, C0 at low-beta
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BTeV Lattice: 980 GeV, C0 at low-beta

Pbar bunch 6
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BTeV Lattice: 980 GeV, C0 at low-beta
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Beam-beam interaction #

BTeV Lattice: 980 GeV, C0 at low-beta
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Dynamic Aperture in BTeV with beam-beam effects

Chromaticity = (5,5)

Averaged over 5 seeds

Average DA = (22.1 +/- 1.1) σ
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Diffusion due to beam-beam

Run II
BTeV: v1
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Emittance growth due to beam-beam interactions (980 GeV)

Run II
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Emittance growth due to beam-beam interactions (980 GeV)
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BTeV Lattice: 980 GeV, C0 at low-beta

Hor. orbit
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Bunch Number

BTeV Lattice: 980 GeV, C0 at low-beta

`!¹ Ò�³©Ê¸µ�°�Ù)m � µ_Ä±À]»`¹ å�µwÉÖ·OÀ]´©Ò�µ�¶k¹ ´	Ä ³�Â|¹ ´©Í�¶6¹ »tÇBÕ�³©´�ÉÖ·�ÕÈÇ;Õ©³©´�É ·ÆÅ4³©µ¾»¿Í�»¿·�µ�Ä Í�´©Ò�ÔÖÊ6À]´©Ò�µ�¹ ´È»¿µ�Ê6À�É}»`¹ Í�´�¶6¯
²!·©µ6U©Êd¶¸»¾Õ©³©´�É ·¬¹ ´�µ_À�ÉÖ·	Õ(µ_À�Âã¹ ¶BÀ]¶¸¶d³�Âkµ_Å�»¿Í|Õ(µ$Ã(µ�Ê6º¼µ_É}»`Ä Ç É}µ�´0»¿µ�Ê¸µ_Å	À]»BÌFë�¯

®�°



N ú �8� � �¾�wùPO�ú�� üd�w���Xüd�j!QOÆü<R��{��ü�� �{�

ý ´B»¿·�¹ ¶!¶¸µ_É}»`¹ Í�´w½þµþ½B¹±Ä±Ä�µ�¶d»`¹±Â|À]»¿µ�¹ ´È»¿µ�´�¶6¹ »3ÇæÀ]´�Å�Ä ³�Â|¹ ´©Í�¶6¹ »tÇ Ä±¹±º¼µ�»`¹±Âkµ�¶�¹ ´ éþ²�µ � ³�¶6¹ ´©ÒwÅ©À]»`À�º¼Ê¸Í�Â�»¿·©µ
Ê¸µ_É}Í�Ê6Å Ä ³�Â�¹ ´©Í�¶6¹ »3ÇÓ¶¸»¿Í�Ê¸µ�Ð)c�Ð)(;Í�´�S�³�Ä Ç�°)c)&®�ë�ë]è ½F·©µ�´	»¿·©µ�À¿å�µ�Ê6À]Ò�µÓ¹ ´O¹ »`¹±À�ÄOÄ ³OÂ|¹ ´©Í�¶6¹ »tÇÆµ���É}µ�µ_Å4µ_Å
°_g °�ë � � É�ÂZh � ¶dµ_É�h « ¯F²�À]ÕOÄ µZck¶¸·©Í6½F¶F¶¸Í�Â$µ�Í�º©»¿·�µ�Ê¸µ_Ä µ�å-À]´È»FÃOÀ]Ê6À�Âkµ�»¿µ�Ê¸¶�º Í�ÊF»¿·O¹ ¶F¶¸»¿Í�Ê¸µ_¯

à�å�µ�Ê6À]Ò�µæ¹ ´�¹ »`¹±À�ÄTÄ ³�Â�¹ ´©Í�¶6¹ »3ÇH% É�Â h � ¶dµ_É h « ' °�¯±ë�ÐXg@°�ë � �
à�å�µ�Ê6À]Ò�µæÄ ³�Â|¹ ´©Í�¶*¹ »3Ç Ä±¹±º µ�»`¹±Â$µ�% ·©Ê¸¶�' (�¯±Ù�°ò�Ê¸Í�»¿Í�´�Õ(µ_À�Âã¹ ´0»¿µ�´©¶6¹ »tÇ¬À�º »¿µ�Ê�·�À�Ä Í|Ê¸µ_Â$Í`å-À�Ä Ù�Ù]è�ÙXg@°�ë+Tò�Ê¸Í�»¿Í�´ÁÄ±¹±º¼µ�»`¹±ÂkµæÅ4³©Ê6¹ ´©ÒÄU©Êd¶¸»�®á·©Ê¸¶B¹ ´Æ»¿·©µ$¶¸»¿Í�Ê¸µe% ·�Ê¸¶¬' è�Ï�¯�(
à�´0»`¹ ÔÖÃ©Ê¸Í�»¿Í�´ÓÕXµ_À�ÂË¹ ´È»¿µ�´©¶*¹ »3Ç À�º »¿µ�Ê�·�À�Ä Í|Ê¸µ_Â$Í`å-À�Ä °�Ï�Ï)cXg@°�ë+T
à�´0»`¹ ÔÖÃ©Ê¸Í�»¿Í�´8Ä±¹±º µ�»`¹±ÂkµæÅ4³©Ê6¹ ´�ÒkU�Ê¸¶¸»�®k·©Ê¸¶�¹ ´Æ»¿·©µ�¶¸»¿Í�Ê¸µ�% ·©Ê¸¶¬' ®]è�¯±Ð
Ñ�ÎXµ_É}»`¹ å�µ�µ_Â|¹ »¿»`À]´�É}µæº ÊdÍ�ÂãÄ ³�Â|¹ ´©Í�¶*¹ »3ÇH% �vÂ|ÂkÔdÂkÊ*À�Å=' °)(�¯±°ò�Ê¸Í�»¿Í�´�Õ�³©´�ÉÖ·¬Ä µ�´�Ò�»¿·�À]»BÄ Í6½FÔÖÕ(µ�»`À+% ´©¶¸µ_É ' °�¯�c
à�´0»`¹ ÔÖÃ©Ê¸Í�»¿Í�´ÓÕ©³©´�É ·¬Ä µ�´©Ò�»¿·�À]»BÄ Í6½FÔÖÕ(µ�»`À+% ´©¶dµ_É ' °�¯�c�Ð

²�À]Õ�Ä µYc)m�,4µ_Ä µ_É}»¿µ_Å|ÕXµ_À�ÂêÃ�À]Ê6À�Âkµ�»¿µ�Ê¸¶�Å4³©Ê6¹ ´�Ò;»¿·�µ$Ê¸µ_É}Í�Ê6Åw¶d»¿Í�Ê¸µ Ð)c�Ð)($Í�´#S�³�Ä Ç °)c)T®�ë�ë]è
²!·�µ�Ã(µ_À#"¬Ä ³�Â|¹ ´©Í�¶*¹ »3Ç�¹ ´�é@²©µ � ¹ ¶|À]¶¸¶¸³�Âkµ_Å|»¿ÍæÕXµæ®Xg@°�ë � � É�Â h � ¶¸µ_É h « ¯�� µ�½B¹±Ä±ÄOÀ]¶¸¶¸³�ÂkµB»¿·�À]»

»¿·�¹ ¶$Ä ³�Â|¹ ´©Í�¶*¹ »3ÇÓ¹ ¶$À]»¿»`À�¹ ´©µ_Å;Õ0ÇÆ¹ ´�É}Ê¸µ_À]¶6¹ ´©Ò;»¿·©µwÀ]´È»`¹ ÔÖÃ�Ê¸Í�»¿Í�´¬¹ ´È»¿µ�´�¶6¹ »3Ç��À�Ä±Ä_Í�»¿·©µ�Ê@Õ(µ_À�Â Ã�À]Ê*À�Âkµ�»¿µ�Ê¸¶
À]Ê¸µ�À]¶¸¶d³�Âkµ_Å�»¿Í|Õ(µ$»¿·©µ$¶*À�Âkµ_¯�²OÀ]Õ�Ä µZ(á¶¸·�Í`½F¶FÍ�³�ÊBÀ]¶¸¶¸³�Â$Ã©»`¹ Í�´©¶Bº¼Í�ÊBé@²©µ � ¯

²!·�µ�Ä ³�Â|¹ ´©Í�¶6¹ »tÇ�TÀ]¶¸¶¸³OÂ|¹ ´©Òw»¿·©µ�Õ(µ_À�Âk¶;À]Ê¸µ$Ã(µ�Ê6º µ_É}»`Ä Ç É}µ�´0»¿µ�Ê¸µ_Å
TÉ�À]´ÓÕ(µ$½FÊ6¹ »¿»¿µ�´ÁÀ]¶
1 } Ð#Ô 5 487:9�U 2 · Ì ·WVÌ®#��� E ÕYX Ý 7@?A? Þ *

� Ed × Ý 7:?A? . *¿°�Ù).
½F·©µ�Êdµ U 2 ¹ ¶�»¿·©µ�´0³�Â�ÕXµ�Ê¾Í�º�Õ©³�´�ÉÖ·©µ�¶��· Ì ¹ ¶�»¿·©µ�Ã©ÊdÍ�»¿Í�´ÆÕ©³©´OÉÖ·Á¹ ´0»¿µ�´©¶6¹ »tÇ��·WVÌ ¹ ¶�»¿·�µ À]´È»`¹ ÔÖÃ�Ê¸Í�»¿Í�´Õ©³©´OÉÖ·	¹ ´0»¿µ�´©¶6¹ »tÇ��ÕYX Ý 7@?A? »¿·�µ�ç�Ï)Ágµ�ÎXµ_É}»`¹ å�µ�µ_Â|¹ »¿»`À]´�É}µkÍ�º5»¿·©µ�Õ(µ_À�Âk¶kÀ]´OÅ Þ ¹ ¶þ»¿·©µá·©Í�³©Ê¸Ò�Ä±À]¶d¶kº¼Í�Ê6Â
ºzÀ�É}»¿Í�Ê

Þ * C .8} = � C�Z >\[ *¿°q��]q* C .u.uf ]q* C .8} ®
= �

>
© Z h_^ [ §�Í *¿°�ç).

ý ´È»¿µ�´©¶*¹ »3Ç¬Ä Í�¶¸¶¸µ�¶�-»¿Ê6À]´©¶då�µ�Ê¸¶¸µ�À]´OÅ�Ä Í�´©Ò�¹ »¿³�Å©¹ ´OÀ�Ä-µ_Â|¹ »¿»`À]´�É}µ;Ò�Ê¸Í6½F»¿·8À�Ä±Ä�É}Í�´È»¿Ê*¹ Õ©³©»¿µ�»¿Í »¿·©µ�Å�µ_É�À¿Ç¬¹ ´
Ä ³�Â|¹ ´�Í�¶6¹ »3Ç_¯F²&·©µ�Ä ³�Â|¹ ´©Í�¶*¹ »3Ç Ä±¹±º µ�»`¹±Â$µ�¹ ¶

°ËA` } °ËTÌ � °Ë VÌ � °Ë\acbed fhg3g �®*¿°q� ® C
Þ
�L® C � . °Ë × Ý 7:?A? *¿®�ë).

½F·©µ�Êdµ
°ËA` }�� °1 § 1§�Í f °ËTÌ }�� °· Ì §�· Ì§�Í f °Ë VÌ }�� °·WVÌ §�·iVÌ§�Í f °Ë\ahbjd fhg3g } °ÕYX Ý 7@?A?

§§�Í ÕYX Ý 7@?A? f °Ë × Ý 7:?A? }
°d × Ý 7:?A?

§§�Í d × Ý 7@?A?*¿®�°).
ò�µ_À#" Ä ³�Â�¹ ´©Í�¶6¹ »3ÇH% É�Â h � ¶dµ_É h « ' ®&g@°�ë � �ò�Ê¸Í�»¿Í�´�Õ(µ_À�Âã¹ ´0»¿µ�´©¶6¹ »tÇ Ð)c&g@®)¯�(�g °�ë «u«
à�´0»`¹ ÔÖÃ©Ê¸Í�»¿Í�´ÓÕXµ_À�ÂË¹ ´È»¿µ�´©¶*¹ »3Ç Ð)c&g@°�g °�ë «u«
²OÀ]Õ�Ä µZ()m!àá¶¸¶¸³OÂkµ_Å;Ã�À]Ê6À�Âkµ�»¿µ�Êd¶;º¼Í�ÊBé@²©µ �

®�®



� µ�Å4µ�U©´�µá´�Í`½ À]´ µ�ÎXµ_É}»`¹ å�µBµ_Â�¹ »¿»`À]´�É}µ�Ò�Ê¸Í6½F»¿·�»`¹±Âkµ$½F·O¹±ÉÖ·Á¹ ´�É�Ä ³OÅ4µ�¶¾Õ(Í�»¿· »¿Ê6À]´©¶¸å�µ�Ê¸¶dµ�À]´�Å Ä Í�´©Ò�¹ Ô
»¿³�Å©¹ ´OÀ�Ä0µ�Î�µ_É}»¿¶�

°Ë a Ý 7@?A? £
°Ë\acbjd fhg3g �®*¿°q� ® C

Þ
��® C � . °Ë × Ý 7@?A? *¿®�®).

ý ´È»¿Ê6À]ÔÖÕ(µ_À�Â ¶6É�À]»¿»¿µ�Ê6¹ ´©Ò * ý é-,
.u©Ê*º�´�Í�¹ ¶¸µ��Ê¸µ�¶6¹±Å4³�À�Ä©Ò�À]¶k¶6É�À]»¿»¿µ�Ê6¹ ´©ÒX&Â|À�É ·�¹ ´©µ;´©Í�´�Ä±¹ ´©µ_À]Ê*¹ »`¹ µ�¶�!¯±¯±¯�À]Ê¸µ
»¿·©µ8Â|À�¹ ´ É}Í�´0»¿Ê6¹ Õ©³©»¿Í�Êd¶ »¿Í Ë a Ý 7:?A? ¯êß�³©Ê6¹ ´�ÒRÀ ¶d»¿Í�Ê¸µÓ»¿·�µ�¶¸µÆÒ�Ê¸Í6½F»¿·R»`¹±Âkµ�¶ À]Êdµ8Âkµ_À]¶d³©Ê¸µ_Å Õ0Ç�»¿·©µ
¶¸Ç0´�ÉÖ·�Ê¸Í�»¿Ê¸Í�´�Ä±¹ Ò�·0»|ÂkÍ�´�¹ »¿Í�ÊáÕ©³©»F»¿·�µ�¶¸µæÂ$µ_À]¶¸³©Ê¸µ_Å|å5À�Ä ³©µ�¶|À]Ê¸µB´©Í�»�Ç�µ�»kÊ¸µ_Ä±¹±À]ÕOÄ µBµ�´©Í�³�Ò�·Ó»¿Í ÕXµB³©¶¸µ_Å
½B¹ »¿· É}Í�´
U�Å4µ�´OÉ}µ_¯¬²!·©µ Âkµ_À]¶¸³©Êdµ_ÅÁÄ ³�Â�¹ ´©Í�¶6¹ »3ÇRÀ]´�ÅÁ¹ ´0»¿µ�´©¶6¹ »tÇRÄ±¹±º¼µ�»`¹±Âkµ�¶�À]Ê¸µ ÂkÍ�Ê¸µ É}Ê¸µ_Å©¹ Õ�Ä µ�¶¸ÍÆ½þµ
É�À�Ä±É}³�Ä±À]»¿µ Ë a Ý 7@?A? º¼Ê¸Í�Â »¿·©µ�¶dµ Ä±¹±º µ�»`¹±Â$µ�¶;À]¶

°Ë a Ý 7:?A? }
°ËA` � °ËTÌ � °Ë VÌ *¿®�Ð).

²�Ê6À]´©¶¸å�µ�Ê¸¶dµ¬À]´�ÅLÄ Í�´©Ò�¹ »¿³�Å�¹ ´�À�Ä!µ_Â|¹ »¿»`À]´�É}µ	Ò�Ê¸Í6½F»¿·�Í�ºvÃ©Ê¸Í�»¿Í�´©¶	Å4³©µ »¿Í ý é-,�É}Í�´0»¿Ê6¹ Õ©³©»¿µ�»¿·�µÁÂkÍ�¶¸»
»¿Í Ë a Ý 7:?\? ¯[� µ�¶*À¿½ãµ_À]Ê6Ä±¹ µ�Ê	¹ ´�,4µ_É}»`¹ Í�´ ®�¯±Ðæ»¿·OÀ]» ý é-,	Ò�Ê¸Í6½F»¿·L»`¹±Âkµ�¶ º Í�ÊwÃ©ÊdÍ�»¿Í�´©¶ÆÀ]Ê¸µ¬À]Õ(Í�³©»w»¿·©µ
¶6À�ÂkµÆ¹ ´Réþ²�µ � À]¶ ¹ ´ � ³©´ ý¸ý ¯&²!·©µÆÀ]´0»`¹ ÔÖÃ©Ê¸Í�»¿Í�´ÁÒ�Ê¸Í`½F»¿·Á»`¹±Âkµ�¶�½;¹±Ä±Ä(Õ(µ;¶*Â|À�Ä±Ä µ�Ê�¹ ´�é@²�µ � Å4³©µ�»¿Í
¹ ´�É}Ê¸µ_À]¶dµ_Å|¹ ´È»¿µ�´�¶6¹ »`¹ µ�¶6¯ �vÍ`½þµ�å�µ�Êþ½;¹ »¿·ÓÀ]´Ó¹ ´0»¿µ�´©¶6¹ »3Ç�Ê6À]»`¹ Í�®�¯�()*zÃ©Ê¸Í�»¿Í�´©¶�.um±°)*¿À]´0»`¹ ÔÖÃ©Ê¸Í�»¿Í�´�¶�.u5½þµ¾µ��ÈÃ(µ_É}»
»¿·©µ$µ_Â|¹ »¿»`À]´OÉ}µ�Ò�Ê¸Í6½F»¿·Æ»`¹±Âkµ�¶�»¿Í|´©Í�»BÉ ·�À]´©Ò�µ�¶*¹ Ò�´�¹ U�É�À]´0»`Ä Ç¬¹ ´Áé@²©µ � ¯¡� µ À]¶d¶¸³�Âkµ$»¿·©µ�Êdµ_º Í�Ê¸µ�»¿·�À]»

Ë a Ý 7:?\? ´ kml 7:n } Ë a Ý 7:?\? ´ oqp í6r3r *¿®]èX.
ý ´©µ_Ä±À]¶¸»`¹±ÉT¶6É�À]»¿»¿µ�Ê6¹ ´©ÒwÀ]» »¿·©µ�µ��ÈÃ(µ�Ê6¹±Â$µ�´È»¿¶@À]´�Å�Å4Ç0´�À�Â|¹±É}¶-*zÕ(µ_À�ÂkÔÖÕ(µ_À�Ât5Â|À�ÉÖ·�¹ ´�µv´©Í�´�Ä±¹ ´�µ_À]Ê6¹ »`¹ µ�¶�

ý é�,X�Ê*º�´©Í�¹ ¶¸µ�v¯±¯±¯�.ÁÉ}Í�´0»¿Ê6¹ Õ©³©»¿µw»¿Í »¿·�µÆ¹ ´È»¿µ�´©¶*¹ »3ÇLÄ Í�¶¸¶¸µ�¶6¯_� µÓÉ�À]´�É�À�Ä±É}³�Ä±À]»¿µ »¿·©µÆ¹ ´0»¿µ�´©¶6¹ »3ÇLÄ±¹±º¼µ�»`¹±Âkµ
Å4³©µk»¿ÍÓÅ�ÇÈ´�À�Â�¹±É}¶Bº ÊdÍ�Â »¿·©µ Âkµ_À]¶d³©Ê¸µ_Å�¹ ´0»¿µ�´©¶6¹ »tÇ Ä±¹±º¼µ�»`¹±ÂkµæÀ]¶

°ËTÌ *ué / . £ °ËTÌ � °ËTÌ * 1 . f °Ë VÌ *ué / . £ °Ë VÌ � °Ë VÌ * 1 . f *¿®�Ï).
°Ë Ì * 1 . } · r3s U 2 · Ì1 d Ì VÌ f °Ë VÌ * 1 . } · r<s U 2 ·WVÌ1 d Ì VÌ *¿®)c).

½F·©µ�ÊdµY· r3s ¹ ¶k»¿·©µ;´È³OÂFÕ(µ�ÊáÍ�º(µ��ÈÃ(µ�Ê6¹±Â$µ�´È»¿¶6¯�²!·�µB¶6É�À]»¿»¿µ�Ê*¹ ´©Ò¬É}Ê¸Í�¶¸¶¸ÔÖ¶dµ_É}»`¹ Í�´Hd Ì VÌ }E(�ëæÂ�Õ�À]Ê¸´©¶6¯ ý º
Õ(µ_À�ÂkÔÖÕ(µ_À�Â×µ�ÎXµ_É}»¿¶�À]Ê¸µ;»¿·©µ Å4Í�Â|¹ ´�À]´0»�É}Í�´0»¿Ê6¹ Õ©³�»¿Í�Ê¸¶k»¿Í Å4Ç0´�À�Â|¹±É;Ä Í�¶¸¶¸µ�¶��»¿·�µ�´8º¼Ê¸Í�Â Í�³©ÊwÉ�À�Ä±É}³�Ä±À]Ô
»`¹ Í�´©¶�¹ ´�,4µ_É}»`¹ Í�´¬Ðá½þµkµ��ÈÃ(µ_É}»¾»¿·�À]» Ë *ué / . ½;¹±Ä±Ä_Õ(µ|Ä±À]Ê¸Ò�µ�Ê�º¼Í�Ê¾Õ(Í�»¿·�Õ(µ_À�Âk¶�¹ ´¬é@²�µ � ¯�`�Í�ÊF»¿·©µk¶6À#"�µ
Í�º�¶6¹±ÂkÃ�Ä±¹±É�¹ »tÇ ½�µ À]¶d¶¸³�Âkµ

ËTÌ *ué / .T´ ktl 7@n } ËTÌ *ué / .T´ oqp í6r3r f Ë VÌ *ué / .T´ ktl 7:n } Ë VÌ *ué / .T´ oqp íur<r *¿®)().
²!·�¹ ¶�¹ ¶ÆÀ É}Í�´©¶¸µ�Êdå5À]»`¹ å�µÁÀ]¶d¶¸³�ÂkÃ©»`¹ Í�´�Õ�³©»BÍ�´�µ�»¿·OÀ]»w¶¸·©Í�³�Ä±ÅÓÃ©³©» À Ä Í`½þµ�Ê|Õ(Í�³©´�ÅÆÍ�´�Í�³©ÊÆÄ±¹±º¼µ�»`¹±Âkµ
µ�¶¸»`¹±Â|À]»¿µ�¶wº¼Í�ÊBé@²©µ � ¯pvÍ`½ Ä µ�»Tõ ¶FÃ�³©»á¹ ´ ¶¸Í�Â$µá´0³�Â�Õ(µ�Ê¸¶6¯�`4Ê¸Í�Â »¿·©µkå-À�Ä ³©µ�¶�¹ ´ ²�À]Õ�Ä µ^c�º¼Í�Ê�,4»¿Í�Ê¸µ|Ð)c�Ð)(wÀ]´�ÅB»¿·©µ|À]Õ(Í`å�µ
Å4µ�U©´O¹ »`¹ Í�´©¶�½þµ]U©´OÅ »¿·©µ8º Í�Ä±Ä Í6½B¹ ´©Ò Ä±¹±º µ�»`¹±Âkµ�¶ º¼Í�Ê »¿·O¹ ¶ ¶¸»¿Í�Êdµ_¯ � µÓ½;¹±Ä±Ä&»`À#"�µ	»¿·©µ�¶¸µ	å5À�Ä ³©µ�¶�»¿Í�ÕXµ
Ê¸µ�Ã©Êdµ�¶¸µ�´È»`À]»`¹ å�µ|º¼Í�Ê � ³©´ ýdý ¯©²&·©µ;Å4Ç0´�À�Â|¹±É�Ä±¹±º µ�»`¹±Âkµ�¶¾Í�º0Ã�Ê¸Í�»¿Í�´©¶$¹ ¶kÀ]Õ(Í�³©»�·�À�Ä±º0»¿·�À]»þÍ�º�À]´È»`¹ ÔÖÃ©ÊdÍ�»¿Í�´©¶
¶¸·©Í6½B¹ ´©Ò;»¿·�À]»þÕXµ_À�Â$ÔÖÕXµ_À�ÂgÃ©·�µ�´©Í�Âkµ�´�À;À]´�Å�Í�»¿·©µ�Ê@Ã©Ê¸Í�É}µ�¶¸¶¸µ�¶@·�À¿å�µ�À�¶¸»¿Ê¸Í�´�Ò�µ�Ê$¹±Â$Ã�À�É}»@Í�´�Ã�Ê¸Í�»¿Í�´©¶
Å4³©Ê*¹ ´©Ò�»¿·�¹ ¶@¶¸»¿Í�Êdµ_¯F²!·©µ�Ê¸µw¹ ¶@µ�å(¹±Å�µ�´�É}µk»¿·�À]»@»¿·©µk·©µ_À�Å4ÔÖÍ�´¬É}Í�Ä±Ä±¹ ¶6¹ Í�´©¶;À]»$é@ë�À]´�Åæßkë�À]Ê¸µkÊ¸µ�¶¸Ã(Í�´©¶6¹ Õ�Ä µ
º¼Í�ÊBÂF³OÉÖ·ÆÍ�º�»¿·©µ�Ã©Ê¸Í�»¿Í�´ÁÄ Í�¶¸¶dµ�¶�Ê¸µ_Ä±À]»¿µ_Å�»¿Í|Õ(µ_À�ÂkÔÖÕ(µ_À�Âã¹ ´0»¿µ�Ê6À�É}»`¹ Í�´©¶6¯k²!·�µ�Ê¸µ_º Í�Êdµ�Í�´©µ É}Í�³�Ä±ÅÓÀ]Ê¸Ò�³©µ
»¿·�À]»@µ�å�µ�´ ½B¹ »¿·æ·�¹ Ò�·©µ�Ê�À]´0»`¹ ÔÖÃ©Ê¸Í�»¿Í�´Á¹ ´0»¿µ�´©¶6¹ »`¹ µ�¶;¹ ´ é@²�µ � Õ�³©»�Í�´OÄ Ç|Í�´©µkµ��ÈÃ(µ�Ê6¹±Â$µ�´È»TÈ»¿·©µ|Å4Ç0´�À�Â|¹±É
Ã©Ê¸Í�»¿Í�´ Ä Í�¶¸¶¸µ�¶ Â|À¿Ç¬´©Í�»�Õ(µ|¶6¹ Ò�´O¹ U�É�À]´È»`Ä ÇRÅ©¹ Î�µ�Êdµ�´È»æº Ê¸Í�Â � ³©´ ý¸ý Ä Í�¶¸¶¸µ�¶6¯ ²&·©µ|µ_Â|¹ »¿»`À]´�É}µ�Ò�Ê¸Í6½F»¿·

®�Ð



`4Ê¸Í�Â \©³�Â|¹ ´©Í�¶6¹ »tÇ `�Ê¸Í�ÂËß�Ç0´�À�Â|¹±É}¶ ²�Í�»`À�Äò�Ê¸Í�»¿Í�´8Ä±¹±º µ�»`¹±Â$µ�% ·©Ê¸¶�' °)(�ë c�® èXc
à�´0»`¹ ÔÖÃ©Ê¸Í�»¿Í�´�Ä±¹±º¼µ�»`¹±Âkµe% ·©Ê¸¶�' Ð�ë °�®�Ù ®]èË a Ý 7:?A? % ·�Ê¸¶¬' °�Ï

²OÀ]Õ�Ä µ�Ù)m ý ´È»¿µ�´�¶6¹ »3Ç�Ä±¹±º¼µ�»`¹±Âkµ�¶�À]´�Å�*z»¿Ê6À]´0å�µ�Ê¸¶¸µ��Ä Í�´©Ò�¹ »¿³�Å©¹ ´OÀ�Ä�.Xµ_Â|¹ »¿»`À]´�É}µFÒ�Ê¸Í6½F»¿·|»`¹±Âkµ Ë a Ý 7@?A? Å4µ�U©´©µ_Å¹ ´ Ñ8�`³�À]»`¹ Í�´ ®�®;É�À�Ä±É}³OÄ±À]»¿µ_Å�º Í�Êb,4»¿Í�Ê¸µ|Ð)c�Ð)(�¯F²&·©µ�¶¸µáå5À�Ä ³©µ�¶�À]Ê¸µá»`À#"�µ�´ »¿Í�Õ(µ�Ê¸µ�Ã©Êdµ�¶¸µ�´È»`À]»`¹ å�µ$Í�º � ³©´
ý¸ý ¯

`�Ê¸Í�Â \-³OÂ|¹ ´©Í�¶6¹ »tÇ `4ÊdÍ�ÂËß�ÇÈ´OÀ�Â|¹±É}¶ ²�Í�»`À�Ä�*¿é@²©µ � .ò�Ê¸Í�»¿Í�´8Ä±¹±º µ�»`¹±Âkµ % ·©Ê¸¶¬' °�ç�® c�® èX(
à�´0»`¹ ÔÖÃ©Ê¸Í�»¿Í�´�Ä±¹±º µ�»`¹±Â$µe% ·©Ê¸¶¬' (�° °�®�Ù èXcË a Ý 7@?A? % ·©Êd¶¬' °�Ï\-³�Â|¹ ´�Í�¶6¹ »3Ç Ä±¹±º¼µ�»`¹±Âkµ�% ·©Êd¶¬' ç

²OÀ]Õ�Ä µ ç)m ý ´0»¿µ�´©¶6¹ »3Ç¬À]´OÅ Ä ³�Â|¹ ´©Í�¶6¹ »tÇ Ä±¹±º µ�»`¹±ÂkµBµ�¶¸»`¹±Â|À]»¿µ�¶wº Í�Ê;éþ²�µ �
»`¹±Âkµ Ë a Ý 7:?\? ¹ ¶�É}Í�ÂkÃ�À]Ê*À]Õ�Ä µ�»¿Í�»¿·�µ Ä Í�´�Ò�¹ »¿³�Å©¹ ´�À�Ä!À]´�Å »¿Ê6À]´©¶då�µ�Ê¸¶¸µ;µ_Â|¹ »¿»`À]´�É}µ|Ò�Ê¸Í6½F»¿· »`¹±Âkµ�¶�Å4³©µ;»¿Íý é�,ÆÉ�À�Ä±É}³�Ä±À]»¿µ_ÅÓ¹ ´;,4µ_É}»`¹ Í�´�®�¯±Ð�¯�ê¹ »¿·ÓÍ�³�Ê;À]¶¸¶¸³OÂkÃ©»`¹ Í�´©¶FÍ�ºXÕ(µ_À�Â×Ã�À]Ê6À�Âkµ�»¿µ�Ê¸¶wº¼Í�Ê;é@²©µ � ¶d·©Í`½F´8¹ ´�²OÀ]Õ�Ä µW()-½þµ�É�À�Ä±É}³�Ä±À]»¿µ�»¿·©µ
¹ ´0»¿µ�´©¶6¹ »3Ç À]´�ÅÆÄ ³�Â|¹ ´©Í�¶6¹ »tÇ Ä±¹±º µ�»`¹±Âkµ�¶*¯ � ´�Å4µ�Ê¾Í�³©ÊBÀ]¶d¶¸³�ÂkÃ©»`¹ Í�´�¶F½�µ�·�À¿å�µ

°ËTÌ ´ ktl 7:n } °ËTÌ * 1 .T´ kml 7:n � °ËTÌ *ué / .T´ ktl 7@n } °ËTÌ * 1 .T´ ktl 7@n �
°ËTÌ *ué / .T´ ovp í6r3r *¿®�Ù).

°Ë VÌ ´ ktl 7:n } °Ë VÌ * 1 .T´ kml 7:n � °Ë VÌ *ué / .T´ ktl 7@n } °Ë VÌ * 1 .T´ ktl 7@n �
°Ë VÌ *ué / .T´ ovp í6r3r *¿®�ç).

°ËA` ´ ktl 7:n } °ËTÌ ´ ktl 7@n �
°Ë VÌ ´ ktl 7:n �

°Ë a Ý 7@?A? ´ ktl 7@n } °ËTÌ ´ kml 7:n �
°Ë VÌ ´ ktl 7@n �

°Ë a Ý 7@?A? ´ ovp í6r3r *¿Ð�ë).
²OÀ]Õ�Ä µ�çæ¶d·©Í`½F¶ »¿·©µ�¹ ´0»¿µ�´©¶6¹ »tÇgÀ]´�Å�Ä ³�Â|¹ ´©Í�¶6¹ »tÇ Ä±¹±º µ�»`¹±Â$µ�¶ ¹ ´ éþ²�µ � ¯�ä@³�ÊÓÂ|À�¹ ´ À]¶d¶¸³�ÂkÃ©»`¹ Í�´�·�À]¶
Õ(µ�µ�´Ó»¿·OÀ]»áµ_Â�¹ »¿»`À]´�É}µwÒ�Ê¸Í`½�»¿·�À]´�Å Ä Í�¶¸¶¸µ�¶�Å4³©µ;»¿Í Å4Ç0´�À�Â|¹±É}¶k¶¸»`À¿Ç0¶$»¿·©µ�¶6À�Âkµ�¹ ´Lé@²©µ � À]¶�¹ ´ � ³©´
ý¸ý ¯ � ´�Å�µ�Êw»¿·�¹ ¶ÓÀ]¶¸¶¸³OÂkÃ©»`¹ Í�´�{»¿·©µ�Ã©Ê¸Í�»¿Í�´ Ä±¹±º¼µ�»`¹±Âkµ8¹ ´gé@²©µ � ¹ ¶ÓÀ�Ä±ÂkÍ�¶d»|»¿·©µ ¶6À�Âkµ�À]¶Ó¹ ´ � ³�´ ý¸ý ¯
àá´È»`¹ ÔÖÃ©ÊdÍ�»¿Í�´�Ä±¹±º µ�»`¹±Â$µ�¶B½B¹±Ä±Ä&À]Ã�Ã©Ê¸ÍT��¹±Â|À]»¿µ_Ä ÇLÅ4Í�³©ÕOÄ µwÕXµ_É�À]³�¶¸µw»¿·©µ�Ê¸µÆ¹ ¶�Í�´OÄ Ç8°�µ��0Ã(µ�Ê6¹±Âkµ�´0»`¯æ²!·©µ�Ê¸µ
½B¹±Ä±ÄOÕ(µ¬À ÂkÍ�Å4µ�¶¸»Æ¹ ´OÉ}Ê¸µ_À]¶¸µÁ¹ ´L»¿·�µÁÄ ³�Â|¹ ´©Í�¶*¹ »3Ç Ä±¹±º µ�»`¹±Â$µ�º¼Ê¸Í�Â�¹ »¿¶�Ã©Êdµ�¶¸µ�´È»�å5À�Ä ³©µ Í�ºkÙæ·�Ê¸¶6¯ ²!·©µ
ÉÖ·OÀ]´©Ò�µ ¹ ´¬Ä ³�Â|¹ ´�Í�¶6¹ »3Ç Ä±¹±º¼µ�»`¹±Âkµ ¹ ¶F¶6Â�À�Ä±Ä0ÕXµ_É�À]³�¶¸µ$µ_Â|¹ »¿»`À]´�É}µBÒ�Ê¸Í`½F»¿·�¹ ¶F»¿·©µ�Ä±À]Ê¸Ò�µ�¶¸»;É}Í�´È»¿Ê6¹ Õ�³©»¿Í�ÊF»¿Í
»¿·©µ�Ä ³�Â�¹ ´©Í�¶6¹ »3Ç Ä±¹±º¼µ�»`¹±Âkµ�À]´OÅ�»¿·©µ$Ò�Ê¸Í6½F»¿·ÆÊ6À]»¿µ�¹ ¶�´©Í�»�Ä±¹ "�µ_Ä Ç »¿ÍÓÉ ·�À]´©Ò�µæÂF³�É ·Á¹ ´Áé@²�µ � ¯
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